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Abstract 
Like any large company, college campuses generally have serious mobility problems as a result of the increase in private 
vehicle travel. This study proposes a set of mobility policies aimed at promoting the use of more sustainable alternatives to 
private vehicles at and around the campus. The study has been applied to the case of Las Llamas Campus at the University of 
Cantabria in Spain. Using the data collected at the various stages of the methodology, the mobility alternatives in this research 
consider the management of the parking spaces, a bike-sharing system and a shuttle bus to specific destinations from a 
stadium car park located on the limits of the campus, thereby making the most of such a big but often empty city 
infrastructure.  
An essential point to be highlighted in terms of the methodology is the design of the Stated Preferences survey (SP) in which 
a number of "hypothetical" scenarios are presented to analyze the user’s response as a result of changes in the transport 
system and the influence of different parking policies at the university. This collection procedure has provided the data to 
model the individuals’ behaviour using discrete choice models. The model and the results obtained throughout this research 
must be taken into account in future analyses concerning fee scenarios for cycling and parking inside the campus. 
The results of this study provide interesting conclusions for predicting the demand for sustainable transport patterns and assist 
in the design and quantification of parking policies. 
© 2014 The Authors. Published by Elsevier B. V. 
Selection and peer-review under responsibility of the Scientific Committee of EWGT2014. 
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1. Introduction 
Similarly to other built up areas (industrial estates, technology parks, hospitals, ports, airports, etc.) a 
university campus is a space which involves a high concentration of human activity and therefore, employment, 
meaning there are a large number of journeys being made to and from the area on a regular basis with an 
important socio-environmental impact on the university and the surrounding areas: irregular use of on-site car 
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parks, use of parking spaces around the campus which are not part of the university (conflictive for the local 
residents), a high level of car use and associated traffic problems, noise, pollution, emissions and other spillovers. 
Scientific tools are required to tackle this situation in order to make sufficiently accurate predictions to aid the 
decision making process and achieve a transition towards a new more rational mobility model suitable for the 
normal activity of a university environment.  
There is a lack of scientific knowledge about the planning of policies aimed at achieving sustainable mobility 
on university campuses. This research proposes an objective scientific methodology for evaluating different ways 
of encouraging the use of alternative sustainable transport systems, for journeys based around education, 
especially journeys to the university made by both students and staff (administration (PAS) and Teaching and 
Research (PDI)) at any university campus. All the methodology presented in this article has been applied to the 
Las Llamas campus at the University of Cantabria in Santander, Northern Spain. The university campus at Las 
Llamas involves a total of 11,091 people, made up of: 9,639 undergraduate students, 684 post graduate students, 
226 research students, 226 PAS and 812 PDI (University of Cantabria, 2009). 
The methodology proposed in this article is perfectly adaptable to any environment involving journeys from 
home to work or education. The goals of this research are to investigate and define the most important variables 
for the campus users when making a journey and to determine the most efficient policies to encourage change 
towards a safe and fair sustainable mobility plan within the Campus and the surrounding areas affected by the 
movement of university users. 
The initial step taken in this research was to carry out a thorough review of the worldwide scientific literature, 
especially that addressing mobility and university campuses, in order to establish a scientific basis for the work 
developed in this project. Recent years have seen a major push to improve accessibility and mobility on most 
university campuses in the United States (Balsas, 2003). Shannon, Giles-Corti, Pikora, Bulsara, Shilton, and Bull 
(2006) present a study about displacement patterns, willingness to change and the barriers and encouragement at 
the time of choosing a mode of transport at the University of Western Australia, out of a population of 1040 
students and 1170 staff. The results suggested removing barriers against the use of alternative modes of transport. 
One of the policies aimed at achieving the desired change was a reduction in public transport fares for students 
and employees (U-PASS). Another was to increase the number of homes available to students in the area around 
the university, along with higher parking charges and improved bus services (frequencies, routes, etc). 
Zheng, Scott, Rodriguez, Sierzchula, Guo, and Adams (2009) through their study entitled “Car sharing in a 
University Community: Assessing Potential Demand and Distinct Market Characteristics” presented at the TRB 
valued that since September 2007, more than 70 universities of the United States have joined Car Sharing 
organisations. Their study concentrated on estimating the potential market for car sharing in the University of 
Wisconsin-Madison. A stated preferences survey was used to collect information about the university 
community’s transport habits and its preferences. The most striking result showed it was habits and attitudes that 
influenced people more than income levels in their transport choices. 
From the review of the literature, it can be concluded that the main factors affecting the mode choice towards 
areas of a great attraction of trips are the travel time, the time searching for a parking lot, the cost, the access time 
from the parking spot to the destination, the waiting time for the bus, and the bike facilities at destination. 
Regarding the most popular policies, the literature identifies car-sharing, park-and-ride, parking policies and 
bike-sharing systems. 
Universities are privileged places for communicating the message of sustainability in an attempt to restructure 
transport patterns. Furthermore, students may not have access to a private car at first but may have in the 
forthcoming years and therefore, the promotion of sustainable mobility should provide a basis for them to be 
critic with their mode choices. The research presented in this paper aims to determine the guidelines of the 
policies that would facilitate access to campus from a sustainable and economically justifiable standpoint. 
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2. Survey Design: characterization, RP and SP 
Discrete choice models are able to make demand predictions for different policies, as well as quantify income 
to economically justify any actions that need to be taken. The quality of the data on which the modelling depends 
has a direct impact on its efficiency, therefore, the entire methodological process, but especially the sampling 
should be carefully managed. The questionnaire should be very carefully designed. This applies to both the cases 
of revealed preferences (RP) and stated preferences (SP) surveys. This was achieved by following the 
methodology presented below:  
x Characterization survey 
x Holding Focus Groups  
x Design and asking of the Revealed Preferences (RP) and Stated preferences (SP) surveys 
x Data modelling: Mixed Logit model (optimal scenario) 
The conclusions of this research are the result of the successive stages followed in the methodology.  
2.1. User characterization survey 
The first step to take when designing RP and SP surveys is to choose and determine the variables that are 
going to be studied. A thorough bibliographic review was carried out on similar work (both national and 
international) to receive a preliminary idea about which would be the most important variables when choosing the 
mode of transport and parking policy, among other factors.  
The Focus Group (FG) was defined by asking 838 characterisation surveys to campus personnel via the 
internet. An email was sent to all the Las Llamas Campus community giving them access over 5 days (Monday to 
Friday) to the survey, which was located on the University of Cantabria Transport Systems Research Group 
website (GIST).  The email explained the aim and content of the survey. 
The form contained the following user characterization data: 
x The university group they belonged to (Students, PAS, PDI) 
x Origin and destination of journey 
x Most frequently used mode of transport 
x Time of day when the journey is most commonly made 
 
If the car is the most commonly used mode: 
x Parking place 
x Occupation 
x Time required to find a parking place 
x Time the car is left at the parking place 
 
If the bus is the most commonly used mode: 
x Average waiting time, walking time to the bus stop and from the bus stop to final destination 
x Score given for the public transport connection between home and the campus (Very good 
/Good/Regular/Bad/Very bad) 
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If a combination of train and bus are normally used: 
x Score for the coordination between the train and bus (Very good /Good/Regular/Bad/Very bad) 
The data confirm the different perception, interests and requirements of the UC Campus users by type 
(students, PAS or PDI), as well as according to their socio-economic characteristics. This is why 3 Focus Group 
sessions were held, one with each type of user so as not to condition the opinion of the participants. 
2.2. Design of the definitive survey 
Firstly, it should be highlighted that the data obtained in the RP survey was used to personalise the proposed 
scenarios used in the SP survey. Furthermore, after checking the consistency and quality of the data obtained, the 
definitive RP survey did not undergo any modifications with respect to the pilot survey. 
It is also important to indicate that the scenarios presented in the Stated Preferences survey is personalised; in 
other words, each person will have journey times and available modes of transport which will depend on the real 
journey, previously defined in the RP survey. In order to ask the complete survey in real time (without the need to 
address the RP data beforehand and then design the SP survey) it was decided to ask the survey using mobile 
devices which allowed the operation to be fulfilled at the same time as the survey. 
An initial pilot survey was asked for various reasons. Firstly, the efficient design algorithm for the SP 
questionnaire is fed by initial parameters which need to be obtained beforehand. Furthermore, the goodness of the 
design needs to be verified in accordance with efficient design techniques (D-error) in the stated preferences 
survey (Bliemer & Rose, 2005 and Rose & Bliemer, 2005). This method guarantees that the SP scenarios 
generated for each individual are sufficiently realistic. Finally, the pilot survey identifies any possible deficiencies 
(badly answered questions, badly formulated questions, misunderstanding some of the presented scenarios, etc.).  
The data collected from the pilot survey (30 individuals) was used to estimate a simple multinomial logit 
model which considered generic parameters. This model provided the value of the parameters which would be 
used in the experimental efficient design, D-error, of the final stated preferences survey.  
The following 5 choice situations were considered for the final SP model, the values of the variable levels 
oscillated depending on the journey being made:  
x PARKING WITHIN THE CAMPUS: Use the private car as mode of transport and park within the Campus 
site. 
x PARK-AND-RIDE (CAR + SHUTTLE BUS): Use the private car as mode of transport and park at the park-
and-ride car park at the football stadium, using the shuttle bus to get to the Campus. 
x PARKING IN THE SURROUNDING AREA: Use the private car and park on the streets in the surrounding 
neighbourhoods. 
x BUS: Use the bus as mode of transport. 
x BIKE: Use the bicycle as mode of transport. 
A schematic plan presented below (see Fig. 1) shows the different parking possibilities by zone both outside 
and inside the University of Cantabria Las Llamas campus.  
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Fig. 1. Schematic map of the mobility alternatives on the campus and the surrounding areas 
The attributes which describe the scenarios in the choice situations are the cost, travel time, waiting time, time 
to find a parking space and the time taken to access the Campus. The following abbreviations have been used: 
 
Abbreviations 
TT Travel time  
WT Waiting time for the bus  
ST Time to find a parking space  
AT Access time to the Campus from the parking spot (car or bike) 
FARE Cost of parking the car or travelling by bus or bike (in the case of the bike-sharing system) 
 
The levels for each attribute were defined in the experimental design and are presented in Table 1. The 
following levels were considered in the case of travel time by car: the real time as experienced by the interviewee 
on their journey, the real time with an increase of 30% and the real time with an increase of 15%. The travel time 
by bus was calculated using a commercial speed of 15 km/h and in the case of the bicycle, 10 km/h. 
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Finally, the algorithm for the efficient design produced the combination of the levels and resulted in 9 choice 
situations or scenarios. The survey was personalised, this is, the scenarios were adapted to the last trip to the 
campus that each respondent had experienced and the available modes for that trip.  
Respondents ranked the three most preferred alternatives in order. The definitive survey was asked to 200 
people. 
Table 1. Values of the levels of the variables considered in the efficient design (D-Error) of the final SP questionnaire 
Alternative Fee (€) TT (% over the reported TT) WT (mins) ST (mins) AT (mins) 
Parking within the Campus 0 – 0.8 – 1.6 Reported + 0% / 15% / 30% - 1 – 3 - 15 - 
Park-and-ride: Car + shuttle 
bus - 
Reported + 0% 
/ 15% / 30% 2 – 4 - 10 - - 
Parking in the surrounding area - Reported + 0% / 15% / 30% - 1 – 3 - 15 3 – 8 - 15 
Bus 0.5 – 1 – 1.5 Reported + 0% / 15% / 30% 4 – 7 - 15 - - 
Bike-sharing 0 – 0.5 – 1.5 Reported + 0% / 15% / 30%  -  - 
2 – 6 - 
10 
3. Theoretical base and resulting model 
After their analysis, the resulting data were modelled to discover which variables were the most influential for 
the users when defining their journeys with an origin or destination at the Las Llamas Campus. Once the weight 
given by each of the variables to the utility function of the considered modes of transport is known, it becomes 
feasible to propose policies which define a series of future scenarios from which to choose the most suitable for 
the design of a sustainable campus. 
The theoretical framework of the discrete choice models resides in Random Utility Theory (Domencich &  
McFadden, 1975; and more recently  Ben  Akiva &  Lerman, 1985) where it is postulated that each individual 
associates an stochastic type of utility to each alternative and chooses the one with the maximum utility. 
Mixed Logit discrete choice models have been used in this research. The Multinomial Logit model assumes no 
correlation between the error components of the different alternatives (IID  assumption, independent and identical 
distributed), whereas the Mixed Logit model permits the existence of heterogeneity in the perception of the 
attributes through random parameters, thereby allowing correlation between parameters and, therefore, between 
alternatives. The random parameters, βq, associated to the attributes of the choice alternatives are defined through 
their mean and their standard deviation, describing the heterogeneity existent in the population sample since 
different individuals perceive the attributes differently, which implies different βq.  
The resulting model for the case of the Las Llamas Campus is presented below: 
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Table 2. Resulting parameters in the Mixed Logit model 
Parameter (Alternative) Coefficient t-Test 
Random parameters 
TTBUS -0.075 -5.08 
TTBIKE -0.197 -6.01 
Non-random parameters 
FARECAMPUS -1.287 -16.60 
TTCAR -0.039 -2.64 
STCAMPUS -0.026 -4.93 
OCCUPCAR 0.472 6.82 
WTSHUTTLE BUS -0.077 -6.98 
STSURROUNDINGS -0.099 -12.28 
WTBUS -0.055 -5.11 
FAREBUS -0.443 -4.02 
FAREBUS/MINC 0.228 2.50 
FAREBIKE -0.909 -5.12 
Systematic variations of the average value of parameters 
TTBUS /UNDERGRAD 0.013 1.96 
TTBIKE / UNDERGRAD 0.026 2.24 
Standard deviation of the random parameters 
TTBUS 0.083 5.89 
TTBIKE  0.142 4.55 
 
The parameters in Table 2 take part in the discrete choice model as coefficients of the variables considered in 
the questionnaire. The specification of the resulting model shows the following form: 
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௖ܸ௔௥ି௖௔௠௣௨௦ ൌ ܨܣܴܧ௖௔௠௣௨௦ ൉ ௙ܺ௔௥௘ି௣௔௥௞ି௖௔௠௣௨௦ ൅ ܶ ௖ܶ௔௥ ൉ ்்ܺି௖௔௥ ൅ ܱܥܥܷ ௖ܲ௔௥ ൉ ܺை஼஼௎௉ି௖௔௥ ൅ ܵ ௖ܶ௔௠௣௨௦
൉ ௌ்ܺି௣௔௥௞ି௖௔௠௣௨௦ 
௖ܸ௔௥ା௦௛௨௧௧௟௘௕௨௦ ൌ ܶ ௖ܶ௔௥ ൉ ்்ܺି௖௔௥ ൅ ܱܥܥܷ ௖ܲ௔௥ ൉ ܺை஼஼௎௉ି௖௔௥ ൅ܹ ௦ܶ௛௨௧௧௟௘௕௨௦ ൉ ܺௐ்ି௦௛௨௧௧௟௘௕௨௦ 
௖ܸ௔௥ି௦௨௥௥௢௨௡ௗ௜௡௚௦ ൌ ܶ ௖ܶ௔௥ ൉ ்்ܺି௖௔௥ ൅ ܱܥܥܷ ௖ܲ௔௥ ൉ ܺை஼஼௎௉ି௖௔௥ ൅ ܵ ௦ܶ௨௥௥௢௨௡ௗ௜௡௚௦ ൉ ௌ்ܺି௦௨௥௥௢௨௡ௗ௜௡௚௦ 
௕ܸ௨௦ ൌ ܨܣܴܧ௕௨௦ ൉ ௙ܺ௔௥௘ି௕௨௦ ൅ ܹ ௕ܶ௨௦ ൉ ܺௐ்ି௕௨௦ ൅ ܶ ௕ܶ௨௦ ൉ ்்ܺି௕௨௦ ൅ ܷܰܦܧܴܩܴܣܦ ൉ ൬
்்ܺି௕௨௦
ܺ௎ே஽ாோீோ஺஽൰ ൅ܯܫܰܥ
൉ ൬ ௙ܺ௔௥௘ି௕௨௦ܺெூே஼ ൰ 
௕ܸ௜௞௘ ൌ ܨܣܴܧ௕௜௞௘ ൉ ௙ܺ௔௥௘ି௕௜௞௘ ൅ ܶ ௕ܶ௜௞௘ ൉ ்்ܺି௕௜௞௘ ൅ ܷܰܦܧܴܩܴܣܦ ൉ ൬
்்ܺି௕௜௞௘
ܺ௎ே஽ாோீோ஺஽൰ 
 
Abbreviations 
OCCUPCAR Variable that values the number of persons occupying the car 
UNDERGRAD Binary variable that identifies the undergraduate students 
MINC Binary variable that identifies the individuals in the medium household income level (1200 - 
2500 €/month)  
 
As can be seen in Table 3, the estimated parameters are statistically significant to a 95 % confidence level and 
all of them have the expected sign. It is worth highlighting that the resulting mixed logit model yields two random 
parameters, those corresponding to the travel time of the two more sustainable alternatives: bus and bike. Such 
result indicates they are variables which are not perceived in the same way by all the individuals making up the 
population. In this sense, heterogeneity resulted in a normal distribution in both the case of travel time by bus and 
bike. The variables collected in the RP survey were also considered and added to the random variability, it has 
been found that the average value of the parameters of the travel time by bus and bike is influenced by the fact of 
being an undergraduate student. Actually, undergraduates place less weight than others on the travel time 
experienced with the two most sustainable alternatives. Of course, this result can be influenced by the non-
availability of a car but it is a noticeable result that should be considered.  
Another interaction uncovered by the model is that of the medium income (1200 - 2500 €/month) with the 
price of the bus ticket: this characteristic has been determined to systematically affect the weighting of the bus 
fare, causing a lesser effect than with the other income levels. In other words, when defining how useful the bus is 
for making their journeys to the university, the people on medium incomes place less importance on the fare than 
the people on the other income levels. On the other hand, the occupancy of the vehicle has been found significant 
and it can be concluded that the more occupied the car, the greater utility of the alternatives where the car is 
involved.  
The results in Table 2 also inform that the fare for parking in the campus is worse perceived than paying for a 
bus ride or for using the bike-sharing system. Such a conclusion indicates that charging for parking within the 
campus would have a higher effect than dropping the price of bus or bike ticket. On the other hand, the time 
required to find a parking space in the campus is relatively worse weighted than in the surroundings. 
The model permits obtaining interesting information on the commuters’ behaviour such as the sensitivity 
analysis in which the demand elasticity refers to the impact on the demand for each alternative that is caused by 
the variation of the various attributes that influence the mode choice towards the campus. Table 3 presents the 
percentage change in the demand due to the percentage change for each one of the influential factors, ceteris 
paribus. Therefore, it is possible to identify the variables that have the greatest impact on the mode choice and 
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therefore, the ones that should be considered in the first place in order to design measures towards a more 
sustainable campus.  
Table 3. Elasticities of the demand 
Attribute (Alternative)  Car + park in campus 
Car + 
shuttle bus 
Car + park 
in the 
surroundings 
Bus Bike 
Fare_park_campus (Car +   park in campus) -0.557 0.184 0.185 0.145 0.146 
TT (Car + park in campus) -0.262 0.11 0.12 0.088 0.107 
ST (Car + park in campus) -0.064 0.037 0.037 0.03 0.03 
TT (Car + shuttle bus) 0.149 -0.165 0.148 0.114 0.131 
WT (Car + shuttle bus) 0.11 -0.116 0.11 0.09 0.088 
TT (Car + park in surroundings) 0.152 0.15 -0.207 0.114 0.136 
ST (Car + park in surroundings) 0.14 0.138 -0.264 0.112 0.112 
TT (Bus) 0.198 0.227 0.213 -0.124 0.206 
Fare (Bus) 0.106 0.113 0.11 -0.234 0.087 
WT (Bus) 0.101 0.106 0.104 -0.206 0.075 
Fare (Bike) 0.031 0.031 0.031 0.02 -0.174 
TT (Bike) 0.186 0.214 0.212 0.08 -0.182 
 
The demand for the most sustainable alternative, the bike, is mostly influenced by the travel time by bus 
(0.206), the travel time by bike (-0.182), and the fare of the bike sharing system (-0.174). From these results, it is 
clear that the attributes of the bus greatly affect the demand of the bike. However, the aim is to promote both the 
bus and the bike. Consequently, it is the travel time by bike that needs to be prioritised. This can be achieved by 
providing the infrastructure to guarantee competent travel times from the most important residential areas in 
Santander. Such measure needs to be considered together with a sufficiently cheap bike-sharing system. On top of 
that, as it is shown in Table 3, the penalization of the factors characterising the alternatives in which the car is 
involved also make the bus and the bike be more attractive. Among such factors, the most efficient measure for 
the promotion of the sustainable modes is identified as charging for parking within the campus. Furthermore, 
considering these results, a fee for parking is perceived as the most important disutility characterising the 
alternative of parking the car within the campus, thereby generating a mode shift to the other 4 alternatives. 
4. Conclusions 
It is worth pointing out here that the work presented in this article has served as the basis for the preparation of 
a methodological Guide for creating Mobility Plans for University Campuses. A methodology has been designed 
for the use of sustainable transport systems as practical alternatives to using the private car, along with the 
modelling and design of a whole series of measures aimed at improving the internal and external mobility 
systems associated with the Las Llamas Campus of the University of Cantabria.   
The methodology followed has allowed the research to be structured to obtain quality data leading to results 
which will serve as the basis for the formulation of policies and proposals. These results can be used to measure 
willingness to pay to arrive at destination (similar to the parking fee) and other aspects such as the demand for 
parking and the consequent prediction of future income. The resulting revenue can be used for the installation of 
infrastructure for sustainable transport such as bicycle sharing schemes, adapting the on-campus roads for an 
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internal bus service, setting up the payment machines for parking, bike lanes and the maintenance of the entire 
system over the coming years. From the results, it can be concluded that penalising the use of the private car and 
its parking in the campus would contribute to a change in mobility patterns, at the same time that the travel times 
by bus and bike are competent so that these are perceived as efficient alternatives. Such would need to be the 
scenario on which the sustainable proposals for the Las Llamas university campus should be based. 
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